Gas journal bearings are very sensitive to the hydrodynamic instability known as subsynchronous whirl motion, especially when they are unloaded. The wave bearing concept can improve the bearing stability, meaning that the wave bearing can run stably up to higher speeds than the plain bearing. In addition, when whirling motion occurs due to the fluid film instability, the orbit of this motion can be contained within the bearing clearance. Another step ahead for improving bearing stability is to pressurize the bearing.
INTRODUCTION
Plain journal bearings can experience fluid film instability as a whirl motion with a frequency smaller than the rotation frequency of the rotor. This instability is known as the Fractional Frequency Whirl (FFW). When lubricated with gas, an unloaded plain journal bearing is very susceptible to FFW by developing an unstable motion. Wall contact occurs immediately after the onset of the whirl motion resulting in bearing failure. Due to its importance for the bearing life, the FFW was analyzed as a fluid film instability condition. Among others, Castelli and Elrod [1] and Constantinescu [2] contributed work that theoretically established when FFW occurs. Unlike the plain journal bearing, a wave bearing reduces the bearing sensitivity to FFW [3] . A wave bearing has a waved profile circumscribed on the inner sleeve diameter. The wave amplitude is equal to a fraction of the bearing clearance. The influence of oil inlet pressure on the stability of an oil lubricated wave bearing was also investigated [4] . It was found that the oil inlet pressure has a strong influence on the bearing stability. Another step ahead for improving bearing stability of the gas lubricated wave bearings is to pressurize the bearing. Therefore, tests were conducted on two bearings with inherent supply orifices of 0.7 and 0.9 mm respectively.
APARATUS
Tests were run on the journal and wave gas bearing rig located at NASA Glenn Research Center in Cleveland Ohio. The rig uses a commercial spindle capable of 30,000 RPM with a run-out of less than 1 micron. The rig was set up with the shaft orientated vertically such that the test bearing could be easily set to run unloaded. The setup of the test bearing is shown in Figure 1 . The bearing housing is supported by two thrust levitating plates ( Fig. 1 , items 1 and 2) supply with air (3 and 4) that allows the bearing to move freely in the radial direction. Light beam proximity probes (5) are used to observe the bearing behavior. 
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A flexible hose (6) pressurizes the bearing with air.
Two bearing sleeves were used with the diameter of the feeding holes 0.7 and 0.9 mm, respectively. There are 18 feeding holes placed in two feeding planes. The radial clearance is 0.022 mm. The wave amplitude to radial clearance ratios (WAR) were adjusted to 0.14 and 0.20 for the first sleeve and to 0.15 and 0.20 for the second sleeve. After the adjustment the wave profile was precisely inspected. An inspection printed out profile is shown in Fig. 2. 
TEST RESULTS
Tests were performed with the bearing unloaded. In this condition the bearing is very sensitive to SSFW and the threshold of this phenomenon can be precisely observed. The dynamic behavior of the bearing was observed on an oscilloscope screen that visualizes the signal from the proximity probe. The test parameters such as the shaft rotating speed, pressurization pressure, and sleeve temperature were recorded from meters. The meters were grouped close to the oscilloscope device such that everything could be recorded in a digital picture. Two examples of such pictures are shown in Figs. 3 and 4 . The bearing was pressurized with air at 0.090 MPa (13 PSI) and the speed was increased to the point when FFW was observed on the oscilloscope screen as illustrated in Fig. 3 . This speed (13,086 RPM) can be read on the bottom of the Fig. 3 . The frequency of this whirling motion was found by the oscilloscope and its value, 107.1 Hz, can be read in the bottom left corner of the screen. This whirling frequency is almost one half of the shaft rotating frequency (218.1 Hz). A slight increase of the pressurization pressure to 0.096 MPa (14 PSI) eliminates the FFW as can be seen in Fig. 4 . The oscilloscope finds now a frequency of 217.4 Hz, very close to the rotating frequency. It can be seen, by comparing the oscilloscope screens from Figs. 3 and 4 , that the period of the signal in Fig. 4 is almost double the period of the signal in Fig.  5, as 1. Sleeve with 0.7 mm feeding holes and WAR = 0.14 2. Sleeve with 0.7 mm feeding holes and WAR = 0.20 3. Sleeve with 0.9 mm feeding holes and WAR = 0.15 4. Sleeve with 0.9 mm feeding holes and WAR = 0.20
The threshold speeds to FFW were observed and recorded as described above. The results were plotted in Fig. 5 .
CLOSING REMARKS
Tests were conducted to observe the threshold speeds as a function of the pressurization pressure of an unloaded gas (air) wave journal bearing. It was found that pressurizing the wave bearing can substantially enhance the bearing stability. A small increase of the pressurization pressure such as 0.007 MPa (1 PSI) can eliminate the FFW motion. All tested bearings showed an increase of threshold speed to FFW when the pressurization pressure increases. But a bearing with 0.7 mm feeding holes and 0.020 wave amplitude ratio rotates to 30,000 RPM without SSFWM if it is pressurized to 0.14 MPa (20 PSI).
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